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FOREWORD

In 1962, the Clvil Defense Shelter Program was underway and large
quantities of food were procured and placed in warehouses or in selected
shelters against a possible need during a national emergency, The types
of food items utilized represented new formulations and new processing
procedures which had not been procured before. Therefcore, there was
iittle or no information available regarding the storage siability for a
S-yeur period. Also Lhe hermetically sealed metal conlainers selected
for the storage of the foods had not bsen tested in conjunction with
these specific products for & 5-year period under the variable conditiouns
likely to exist in shelters where ihere may be no temperature and humi-
dity control, It was to simulate conditions likely to exist in these
shelters and to collect informational data at selected inlervals over a
S5-year period that this contract was proposed. This information was
considered essential Lo the operation of the slorage plan in providing
current guidance as to the success or failure of the food items.,

On 20 June 1962, Contract DA 19-129-QM-2050 was awarded by the U, S,
Army Natick Laboratories to the Georgia Experiment Station, University of
Georgia, to provide facilities and collect data that would lead to a
determination of the lorng term storage stability and utility of Civil 3
Defense sheller rations and the containers in which they were stored.
Authorization for this contraclL is included in Work Order No. OCD-05-62-156
between Department of the Army, Office of Secretary of the Army, Ofiice
of Civil Defense and Department of the Army, Army Materiel Command.

EDWARD A. NEBESKY, Ph.D.
Chief
Container Division

APPROVED:

DALE H. SIELINZ, Ph.,D,
. Scientific Director

W. M. MANTZ
Brigadier General, USA
Commanding
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ABSTRACT

Progress 1s reporied on storage of (1) 4 lots of survival crackers,
L lols of survival biscuits, and 2 lols of bulgur wafers for 36 months,
end (2) 3 lots of carbohydrate supplement for 18 and 24 months, at
100°F/80% r.n., 100°/57%, 70°/80%, 70°/57%, 4O°/57%, and 0°F, Two spocial
cases of biscults from approximately 42 monlhs storage in a GSA common
storage warehouse are also reported on, Dala include (a) bursting strength,
mristure, and general condition of V3c fiberboard cases, (b) corroaion,
coating defects, and leakege of 23-gal. and 5-gal. melal cans, (c) general
package and product condition, (d5 residual oxygoen, fracture strengih,
moisture, peroxides, and free fatty acids of the wheal products, (&)
moisture, pH, and sugars of tha supplements, and (f) color, sensory quality
and hedonic ratings for all products,

vi




SUMMARY

Annual Report #IV includes results of examinations of stored shelter
rations as follows:

Codes Products Storage Periods
cpni, 3, 5, 8 survival cracker 36 months
D2, 4, G, survival biscuits 36 months
GSA* n " ca 42 months
Cb9, 10 wafers, bulgur wheat 36 months

Cchil, 12, 13 carbohydrate supplements 18 and 24 months

#Two cases (12 cans) from General Services Administration common storage
warehouse, Seneca, Illinois.

I. Fiberboard Cases.

I.1. Bursting strength, inversely proportional to storage temperature,
ranged from 91 psig below initial at 100°F to 51 psig above initial at
0° after 36 months in storage. Cases below 400 psig, initial mean 3.5%,
ranged from 83% at 100° to 5% at 40° and O°F, average 33%.

I.2. Moisture content, inversely proportional to temperature and directly
proportional to relative humidity, remained practically unchanged during

the 1965-66 period; mean contents ranged 7.0-12.2%. There was no indication
of decrease in "wet strength" of the board.

I.3. General condition, of the cases remained satisfactory for continued
storage.

I.4. Case markings remained essentially unchanged from condition as
received.



SUMMARY (cont'd)

II. Metal Cans,

II.1-3. External corrosion of cans remained essentially unchanged during
the current perlod oxcepling a moderate increase in panel rusting of

2%-gal. cans.

ITI.4. Coatings remained unchanged; no evidence of softening of flaking
were observed.

ITI.5. Leaking cans did not increase during the third jear, and no leaks
were attributed to corrosion.

II. GSA. The 23-gal. cans from General Services warehouse had slightly
less corrosion and abrasion of coatings than did the cans from the CD

study.
I717. .]iﬂt'l uniG.

“ITI.A. Cereal Items.

~II.A.l.a. Package seals and mgterials of glassine continued to increase
in brezkage by ca 3% seals and 2% packages per year, but results were
quite variable; waxed paper remained a better wrapper, and cellophane
a poorer wrapper than the glassine. GSA biscuits, in glassine, averaged

33% more broken packages than did the CD items.

ITI.A.1l.b. Breakage of productsg, which increased quite erratically through
2/, months, did not increase during the third year. GSA biscuits averaged
21% more breakage than CD biscuits and 12% more than half of the CD cracker

items.

ITI.A.2.a. Sensory scores for appearance-color averaged as high as initial
scores, the only differences being higher scores for lighter<baked items

and a 0.15 reduction in samples from 100°F as compared to those from 0°
gstorage.

ITI.A.2.b. Hunter color values continued to indicate moderate glagzing
of product surfaces and slight to moderate fading of red color at
higher temperatures, with very slight browning in a few samples,
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SUMMARY (conitd)

ITTI.A.3. Fracture strength changed relatively little during the third
year, continuing to indicate rather indefinite tenderncies to increase

slightly with time, particularly at lower temperatures.

ITI.A.4.a. Residual oxygen averaged slightly higher than at 24 months,
current averages being ca 9% at 100°F, 14% at 70°, 16% at 40°,
10,50 al. O, Vafers remained lower than creackers and biscuits.

ITI.A.4.b. Moisture contents continued to exhibit no apparent rclatior-
ship to storage time or temperature, varying only with items and products.,

IITI.A.4.c. Peroxide values averaged slightly higher than after two years;
free fatty acids increased seriously during the third year at 100°F, but
not at '70° or below.

ITI.A.2-4. GSA biscuits were darker than the CD biscuits, moderataly hard,
and 0.7-2.0% lower 'in moisture than were the CD biscuits or crackers.
Oxygen content oi cans was "average", or under 18%, and the biscuits

- were not particularly stale or abnormal in peroxide and free fatty acid

content.

ITI.A.5.a. Sensory scores for texture indicated no serious change with
storage; aroma and flavor scores indicated borderline acceptability
for crackers and two of four biscuits from 100°F at 36 months, but

wafers were less affected by higher temperatures.

ITI.A.5.b, lHedonic ratings corresponded relatively closely with sensory
scores, although somewhat higher and remaining above the borderlits
rating of 4.00 on palatability even from 100°F storage. GSA bigowits
averaged slightly higher than did the CD items on sensory anda hedoric
scores,

Jfi.A.5.c. Correlations of valatability, with other measurements continued
Lo exhibit definite trends associated with storage temperatures, and to
. a lesser extent with storage time.




SLIAIARY (Cont'd)

III.8. (Cartohydrate Supplements.

III.B.1l.a. GCondition of bags changed during the sescond year by slight
increase in number and extent of seall separations on seam test;
only one item (CD13) had seams (ca 9%) which pulled completely apart,

ITI.B.1l.bs Condition of c¢uindies exhibited no apparent association with
storage variables, except wcderate color, aroma and flavor changes as
noted below, :

IIT.B.2.2,b. 3Sensory scores for appearance and Hunter Color values
indicated soderate darkening and slight glazing at higher temperatures.
Maximun changes averaged ca l.5 score points at 1CO°F, 0,5 at 70°,
and results were quite variable within items.

III.Bs4ebe loisture content varied with items, averaged same as initial,
witlh some suggestion of higher values froua O°F storage.

III.B+4.d. pH values varied only awong itews and in certain "odd"
saiaples; a suggestion of lower values at 100°F, or higher at 0°, was
not generally significant.

III.B.4.e. Sugar contents varied arcng items and cdd samples, with no
definite teuwperature effects; the only definite time effect was some
increase in variability among sa..ples.

III.Be5.a,0. Sensory scores and hedonic ratings for samples from 1CO°F
storage averaged ca 1.1 and 0.5 lower than those from lower temperatures,
pecause of loss cf aroma and flavor and developmerit of slight "terpene"
character at 1CO°,

III1.B.5.c. Correlations of palatability with other ineasurements were
s5till largely indefinite, although certain temperature influences
were suggested,
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INTROCUCTION

Due to variations in periodic examination dates for the 13 items
held in storage during the fourth year of the study, the total period
covered by the present report was 9 November 196/ to 21 March 1966,
Storage conditions for this period averaged (with standard deviations
above and below averages) as follows:

Code Tenperature Relative Humidity
°F Percent
100/80 99.9, +1.6, ~1.3 80.3, 13.5, =-5.7
1C0/57 99.8, +1.7, -1.8 57.5, 3.1, =3.1
70780 70.1, +0.8, -1.0 80.6, 2.3, ~2.7
70/57 70.1, +l.4, -1.3 57.9, +3.2, =3.1
LO/57 40.3, 4+2.0, -2.,0 56.9, +3.6, -4.0
0/anb 0.1, 43,0, -1.4 ambient

A4S noted in previous reports, deviations in storage conditions
were those recorded in center air spaces in the rooms, resulting
largely from opening doors for inspection, maintenance, and removal of
sanples--considerably smaller fluctuations may be assumed inside cases
and cans,

Products and examinations included in the report are as follows:

Code Product Contract Storage Periods
CcDh1 Cracker 2692-62 36 months
cD3 Cracker 2689-62 36 months
CD5 Cracker 2687-62 36 months
-CD8 Cracker 26691-62 36 months
CcD2 Biscuit 2686-62 36 months
CD4, Biscuit 269462 36 months
CD6 Biscuit ~ 2688-62 36 months
CcD7 Biscuit 2687-62 36 months
GSas* Biscuit ' 1957-62 ca 42 months
CD9 Bulgur wafer, white 2254,-62 36 nonths
CD10 Bulgur wafer, red 2254-62 36 months
CDl11 Carbohydrate suppiement 24,018-63 18 and 24 months
CDl12 Carbohydrate supplement 24,016-63 18 and 24 months
CD13 Carbohydrate supplement 24023-63 18 and 24 months

#Two cases (12 cans) of biscuits, pack code 8920-823-7367, from
General Services Administration common storage warehouse, Seneca,

Illinois.

22;0.;: Vi v "’5"



gxaminations of samples from the six storage conditions at the three
periods included ope case and two cans per sauple, with the exception that
two cases of imiscuits with six cans each were examined frow the GSA common
storage warehouse,

Statistical. treatment and arrangeicent of data were essentially as
described in Report #1II, p.6 (19 July 1$65),
RESULTS
I. Fiberboard (V3ic) Cases

—mples of items CD2 and CD5-CD13, packed 2 cans (5-gal,) per case,
consisted of 1 entire case; those of itews CDL, CD3 and CD4, packed 6 cans
(23-gal.) per case, included only 1/3 case. The 36-months samples of
CDl were the second from cases opened at 24 months, while those of CD3 and
CD4 were the firnal 1/3 of cases examined at 18 and 24 months,

Data for cases of bakery items (4) and carbohydrate supplements
(B) are reported together in this section.

I.A,B.1l. Bursting Strength, (Table 1)

Bursting strength of the cases continued to decrease at 1C0°F, with
some increase at 40° and 0°F, during the third year of storage of the
cereal. itews, Results were less definite for the second year with the
carbohydrate supplement cases, Mean changes from initial values for
bursting strength at various periods of storage were as follows:

Bursting st rength, change from initial: (pounds)

Lionths Sanery ttew Cases Calrbohiydrate Supplemeni, Cases
temp., T, 6-12 18-24 36 =+ 6-12 18 2L *
160° ~48 =74 -91 40 ~-58 =27 =57 35
70° -1 -16 -11 38 -19 26 -2 32
50 22 22 37 33 6 39 -2 22
Q° 20 37 51 52 -12 37 30 63

#11l cases decreased at 1CO°F, and CD9, CDLO, CDll cases decreased
at 70°., All except Co9, CD12, Cul3 gained at 40°, and all except CD5, CL9
and CD13 gained at 0°, As seen akbove, variations were somewhat greater
at 0°, particularly among candy item cases, than at higher temperatures.

With reference to the specified mininmum bursting strength of
4CO psig, L of 6 cases of CD5 and CD1R averaged below this value

faR Al -y
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(av 369) on initial examination, and numbers varying from 1 to 19 of
other cases, excepting those of CD8, dropped below 4CO psig during

storage., Time and temperature patterns of these drops were as follows:

Bursting strength, percent of cases below 400 psig:

Months Bakery Item Cases Carbohydrate Supplement Cases
temp,F 0-12 18-24 36 Mean 0=12 18 24  Mean
100° 31 61 83 53 67 67 67 67
70° Vais 8 11 83t 33 17 17 27k
40° 6 0 0 2 33 33 33 33
0° 11 6 11 9 50 33 0 33
mean VA 21, 33 223 Lk 39 73 L1

#*Includes initials.

By items, cases under 4CO 1lbs averaged 5% for CD4 and 7; 12% for
CD2, 6 and 11; 21% for CD1 and 3; 29% for CD9, 10 and 13; 58% for CD5
and 8l% for CD1l2, Mean values for the cases under 400 lbs were 369
at 0-12 months, 372 at 18-2) months, 368 at 36 months; and 367 at
100°F, 380 at 70°, 373 at 40°, 374 at 0°; the lowest average was 314
in CD12, 100°/80% at 12 months, These data indicate relatively
definite time eoffects at 1C0°F, less definite effects at 0¢, with
large variations in 70° and 40° results and in items,

I.A.B.2. DMoisture Content, (Table 2)

There were no general trends for change of moilsture content of
cases during the third year of storage (second year for cases of

carbohydrate supplement). The pattern of moisture directly proportional

to relative humidity and inversely proportional to temperature may
be seen in Table 2, Ranges among the 13 items at the current pericd,
and differences and deviations of differences between current values
and those of the previous slorage year, were as follows:

3td, Dev,
Condition Range Mean Dif., of differences
°F/% r.h. current last 12 mo, +
%o P
100/80 0.9 13 .16
100/57 1.0 .07 .38
70/80 1.5 ~.10 «19
70/57 0.8 -5 25
LO/57 1.6 <19 6L
Ozanb 2.2 =al5 248
Mean - -0 .38
A o IV -7~
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The standard errors of differences were <+ ,2¢ for conuition means,
£ ,19 for it=m means, indicating oy comparison with the dala above
that the only variations of significant magnitude were the ranges and
deviations of items in rooms,

Mean correlations of moisture ccntent with bursting strength
were * 547 within items and -+ 534 within conditions, While
accounting for less than 30% of the variance, the relationship is
positive and stalistically sighificant, indicating a slight tendency
for vursting strength to increase instead of decrease with increased
moisture; i.,e,, the "“wet strength" characteristics of the cases were
very good,

I.6.Be3. General Condition of Cases,

All cases remained in satisfactory condition for continued
storage beyond the third year, although they were generally less
linew! in appearance than were those received from ca 35 years of
storage in the General 3Services administration warehouse. The GSA
cases apparently came from Minactive" storage, whereas rooms used
in the present storage study are also employed for in-and-out
storage of other types of packaged products, resulting in moderate

nounts of "wearing" of the CD cases. There have, however, been
no case failures even under these "active" cenditions, and changes
during the current storage year were very slight.

Loose seals. There were no pulled staples or unglued flaps; sonme
evidence of inadequate spreading of adhesive on the flaps was
observed in 14 of the 30 cases of CL3, 4, 5, 7 and 11, Rated on a
0-9 scale, this defect was noted in 4 cases initially, averaging
0.40 + 0,34, or very slight. at 36 months (24 months in CD11),
ratings amoag 13 cases from both 1CO° and 70°F averaged 0,58 + ,28
(up 0,36 + ,39 from the last year), whereas only 1 case (CD7, rated
0.6) was observed from O°F and none from 40°F. Uith reference to
storage humidity for the 13 cases from 1C0° and 70°, those from 80%
averaged 0.59 %+ .24 (up 0.31 +* .38), those frem 57% averaged 0,57 &
31 (up 0441 + .40). Hence some increase in "inadequate spreading"
which might be attributed to slight loosening around the edges of
the adhesive is sugpgested at the higher temperatures, apparently not
influenced by differences in relative humidity, but the evidence to
date is far from conciusive,

Delamination. ©Cne [lap on each of 5 of the 60 cases of cereal products
was partially delaminated; these wer~ CD1 and CD4 from 70°/80% (average
1.75 + ,25) and CD8 and CD1O frem 1CO°/57% and CD1O from 40°/57%
(average 0.27 + .17). is one case (CD4) was rated 4,0 for panel
delamination from 70°,380% at 24 months, there appears Lo be sone
evidence of a tendency for delamination at this storage condition,

- [ad
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out an incidence of  cases averaging 2.5 + 1.1 from 20 cascs, with
two of these involving flaps, is not considered serious deterioration.

kold, Of the 245 cases examined after 12 to 36 menlhs of storage above
O0°F, small areas of muld were notcd on the outside of 17 cases and
inside 23 cases, These occurred as follows (rated at O = none to

9 = ccmpletely wolded):

12 « 18 o, 24, onths 36 months
cases rating cases rating cases rating
outside mold:
160° /8C% 3 .83 & 5, - 1 .50
70° /804 5 1.12 % .74 3 83 4 L2 5 A8 L 27
inside wold:
100°/8G% 2 .30 + 10 5 L0+ ,36 3 .50 + ,10
70°/80% 1 30 2 1,05 & 45 5 8Lt 76
57% l‘.h. b .50 ii .13 -

For outside rmold, these represent ca 6% ol cases examined from
40°-1CO°F at 12-24 months (mean rating 0,96) and 12% at 36 months;
inside mold ca 3% ol cases at 12-18 months and 18% (mean rating 0.67)
at 24-36 months, It is ap,arent that the major increase was in
incidence, not in extent or severity--practically all mold observed i
was ol the shert-tilament cr "fuzzy" type, irdicating very slow
growth, and causing little or no damage to the cases,

Swealing of Cases, wvidences of mcisture staining of outside of cases
averaged as rollows (rated at O = none to 9 = very severe):

Condi tion Cereal Items Carbohydrate Supplement
°F/% rehis 36 wonths 2/, months
lOO,'l‘BO 065 :L‘ 029 073 .i' 03/4»
100/57 39 13 30 + ,20
70/80 I3 2 27 1,10 + .70
70/57 LT E 22 NYE TSI
40/ 57 W05 % ,2 T £ W17
O/anl‘l) .28 o+ c27 060 &+ 022
item mean W52 + .09 78 1 23

Ratings averaged ,C6 + .23 higher than previcus highs for the
10 cereal items, but .84 % .23 lower for Lhe 3 carbohydrate
supplements, Current and previous higher ratings for the supplcuent
cases apparently resulted from their having veen stored later than
were the cereal items, aid therefore slored nearer the doors or

G 9=
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corners of the rooms where atmoayhexic fluctuaticns were more proncunced,
None of the swealing has resulted in any real damage excepl to appearance,
but it has probably conlribuled to the increased incidence of mold,

bweating of cans in cases. Moisture staining of insides ol cases and
of outside surfaces of cans, while rated scparately, have remained
nearly Lhe same, so are evaluated Logelhers Average ratings, on

the usual O to 9 scale, were as follows:

Gondition Coreal Ilems Carvohydrate Supplement
°F/% r.h, 26 .onths 2/, months
100[80 «96 + L0 L.O7 + .16
100/ 57 5T k33 1.08 + .32
70/80 «90 1 WL 1.02 + 32
70/57 58 & 430 W97 & .22
14O/ 57 49 4 .50 .88 1 .28
O/anb 250 + .22 15t W22
item mean O7 24 97 E 1R

Ratings averaged ,CO x ,29 in comparisons with previous:. highs
for the 10 cereal items, with an .18 % ,11 increase for supplement
cases and cans, The [ive heavy~can items (C39-CD13, weighing 71-78 lbs
Jer case) averaged .35 * ,11 higher sweating inside cases than did
the lighter items (CDL-Ci8, wcighing 34-40 lbs per case if the 6-can,
55 1b cases of 2% gal. cans are averaged at ca 36 lbs, since they
are samgled three times), The tendency ior moisture condensation to
increase with density of packaged feceds was previcusly demonstrated
with comnercial canned items,?

3
-
[¢]
3
2]

N + 15 1 4 - —~ mn ol
S50, AS WAC LCSU CASTS WerC LGl

ke A \ll\r l
received, the originally damaged cases had been erd and the stlacks
were one case shorter than al the previous examlnatlou period, This
resulted in lower ratings Cor collapse (Lulged panels and ends) than
those received the year before, oy an average oi .34 less [for cereal
item cases and €0 less Jor cases of supplenmeat.

fo S araNod
Vi s

The data indicates that the cases have apparently tended to
'scttle down®, as Lleuperature and hunidily differences are less clearly
defined than on some of the foruer examinations. There were no
collapsed cans, so case "collapse' was not considered a serious problem
in the 5-case stacks, now reduced to 4 cases in most stacks,

85, K. Heaten, C. F. Kayan and J. G. ioodroof, 1957, Heat and Vapor
sovement on refrigerated Packaged Gocds, Refrigerating Engineering

e -10-
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dlean ratings by weight classes and slorage conditions were as

O/amb L2 T a’.|6 1,08 + .22

#Cases originally containing six 2;-gal. cans, sampled
at three periods each,

LedsBel, Condition of Markings.

followst
Case \it, Ileus Collapse Condition Collapse
av, 1bs., o)) 36 months °F/% r,h, 30 nonchs 18-2/ months
coreal supplement

34 2,7,8 39 + .33 1C0/E0 70 & W3 13 % W25
40 5,6 6L L42 10G/57 L0 T .27 .85 & .32
554 1,2,4 5L % .39 70/80 55 & W31 1.07 & 46
71 9,10 W8l o W46 70757 +55 4 50 82 F W27
78 11,12,13 289 & 35 L0/ 57 09 T L9 «82 & 21

The only significant difference is in the very low initial

after two years in the various storage rooms,

I.a.B.la-La, Biscuits from General OServices Warehouse,

. of the G354 biscuit cases was 479 psig, case difference 8, rep
deviation 31, as compared Lo Lhe CD1, 3, 4 mean of 486 + 4O, rep

EF RO CEEN It -11-

The print and other markings on all cases was easily legible and
generally little changed from 1aitial cendition, HMean values for
cereal cases at 36 months and carbohydrate supplement ceses at 24
months, as compared to initial ratings (usual O to 9 scale) were:

Fading of Marliings Blurring of Markings
Storage cereal supplement cereal supplement
initial 36 + ,28 05 + ,05 Al k4l »08 & ,07
100/80 27 & .22 27 * W2 .50 .25 L0 % ,CO
100/57 29 ¢ 11 33z .17 L5tk 422 233+ ,05
70/80 16 .16 W23 1+ W23 5k W22 33 .13
70/5'% L3+ 13 .07 + .05 Ok 22 53 % 17
L0y 57 W23 % .16 23 T W21 .52 + ,20 L0 % ,00
0/ alb JJ5 ¢ 11 YA S AL+ .28 37 + 05
mean +20 * .15 Rl r 18 J6 k23 240 £ ,09

ratings for carvchydrate supplement cases; Lhese were unusuelly clean
whein received, but appeared quite similar to the cercal item cases

Reference to Table 1 will show thal the mean bursting strength
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deviation 35 + 7 for similar cases stored at 70°F/57% r.h. Moisture
content of the GSA cases (Table 2) averaged 7.92%, case difference
10, rep deviation, .02; Lhe Cll, 3, 4 cascu averaged 8.32 & W41,
rep deviation ,04, after equalization at ca the same atmospheric
conditions,

There was no evidence of mold outside or inuide the two GOA
cases examined, nor was there any delamination of the fiberboard,
Glue was unovenly spread on the flaps, leaving luose corners (rating
1,0), but there was no loosening oi areas where ihe adhesive had been
applied, svidence of outside swwating was rated U.6 + 0, of inside
sweabing 0.5 w .3, moisture on cans Q,3 & 3, Cullapse rated 1,75 %
25, largely because of puncturcs and derted com:ers which appearcd
to have occurred during shipping, after cases wero removed from the
warehouse,

The print and other markings were in gocd condition, rating
015 + 14 for fading and 0,32 # ,22 tor blurring--the slight blurring
of & few areas also appeared to have resulted largely [rom shipping
damage., In short, all indications were that the cases were in very
good condition as they came trom the General Lervices warehouse.

II. Metal Cans

II,A.B.1-3, Location, Severity and Type of Corrosion, (Tables 3 & L)

There was relatively little change in corrosion during the
third year of storage of cercal items, or second year for carbohydrate
supplements, except a moderate increase on the 23-gal. cans stored
at 70°F.

External rusting. The location of external corrosion remalned
primarily along the "wiped" areas adjacent to scams, with the

exception that coinsiderable increases in pancl and btottom rusting

were observed on the 2i-gal, cans stored at -oth of the 70°F condilions,
particularly those at 80% r.h, These averaged .65 above 24 months
(scale 0 to 9) and .58 above previous high ratings. The smaller

type cans at 70°/57% were alsc atove previous ratings, by .26, and bLoth
o¢ the 70° lots had more corrosion lhan corresponding cans at 1CO°,

The 1C0°, 40° and 0° small caas averaged .03 + ,04 above 24 months
values, i.2., no change, and were ,10 <+ ,02 under previous high
ratings, which occurred at ©-18 .wenths while the cans from damaged
cases were being utilized, The same was gencrally applicable to 5-gal,
cans, which averaged .08 + ,16 less than at 24 months and .57 + ,55
less than previous highs [cr cereal itcoms, and ,08 & ,16 more than at
16 menths but .20 ¢ .21 less blian previous highs for the supplement
cans. The small decreases in ccreal cans were mostly at 0% r.h.,




while the oqually slight increases in supgplement cans were at 1C0°
and 70°/57X, Types oi rusting occerved are shown in Tables 3 and 4;
all cans were pitled, and a few had surface corrosion as well.

Internal corrosion. all internal corrcsien was surface type, where
preducts teuched the can interjor; as indicat.ed in the tables, some
of these cuntact areas were alsce slightly pitted. The only increases
worlh noting were in 2 -gal. cans al LCO® and 7G° in 80% r.h.; the
1CO° cans averaged .25 akove 2, months and ,1O above previous highsa,
while the 70° increases were .40 and ,13. The 2i-gal, cans from
other condilions averaged ,08 ¢ ,C7 atove 24 months, but .19 + ,16
below previcus high ratings. Internal corrosion in the 5-gal. cans
of cereal items avoraged the same (wx .12) as at 24 months but

+19 * 415 below previous highs, while that in supplement cans was
WO % (13 above 18 renths and lhe same (t ,06) as previous maximum
ratings,

Through the curreiit pericds ol storage, external corrosion has
been generally progorticnal to teagerature and humidity (excepting
the third-year increases in 2_-zal. cans at 70°F) with no consistent
relationship to producl type or can weight; Lhne temperature and
humidity pattern has remained, however, less definite in the
carbohydrate supplements, liternal corrosior. has varied largely
with items, with nc a parent relationshij to any other variable.
Heither external nor internal corrcsion has Lwen associated with
leaks, so the only signaricant detractions from jroduct quality have
veen the unsightly staining of can and case vurfaces (i.e., loss of
"fresh preduct" appearance) und a slight metullic tuste of some of
the pleces of candy which were in contact with the can walls,

II,n¢B,4. Defects of Can Coatiigss (Table 5)

sgain, as repertea for rrevicus examaations, ne ssftening or
other delinite structural changes in can coatings were observed.
Coating defects therefcre vemain lack of cover near seams and
in scraped or otherwise damaged arcas, with slight but, on the
2,-gal, cans, increasing areas in which rust has loosecaed coating
around thia or aiscentinuous sypots on Lhe panels, The extent of
such loosening was quite minor at the Lhird year, sc defect ratings
remained closely similar Lo ratings for external corrosion in that
coth resulted largely I'row areas having ne coating.

The average ratings ror coating defects were (13 i+ .09 below
those at 24 rmeaths and (18 4+ ,11 below jrevicus highs for 2i-gal.
cans, o0, t .05 telow 24 months and .22 % ,17 under grevious highs
for 5-pal, cereal item cans, and 07 & ,1. below 18 months and .29 %
W16 uider »revicus highs for cans of carbohydrate supplement, Thus
Jrolonged storage resultcd in less damage (aclually practically none)
than did disrupticn of the coatings ia seaaing aad handling.,




II.4.B.5, Leaking Cans. (Table 6)

aAs seen in Table 6, there have been no leaks in cans of wafer
CD10, and only one questionable leaker in cracker CD8 and two in
biscuit CD2. Leaks in biscuits CD4 and CL6 appear to have increased
with storage, at least up to 24 months, Cther leaks, ranging by
items from ca 1.5 to 11.3 percent of all cans examined, were
apparently not associated with storage tiuwe or condition,

All questionable leaks (very slow or interrupted bubbling on
leak test, but some compositional evidence that the can had leaked)
were in top seams or side seams adjacent to tops. So were 76 of the
89 unquestionable leaks found through the end of the third year
(two years for carbohydrate supplements). These inadequate seals
apparently resulted from bent can {langes in many instances, as
1lid Ilanges were flattened without proper insertion under the body
flange--in a few cans a perceptible gap remained between bedy and
lid. Of the other 13 leaking cans, 4 leaked through similarly
defective bottom seams, 5 through seams opened by dents apparently
incurred in shipping or handling, 1 at a pinhole made by a closing
chuck, and 3 (carbohydrate supplement) as a result of lids so loosely
crimped on that they were renovable by hand,.

I.A.B.la-5a, Condition of Biscuit Cans irom General Services Warehouse.
The GSA cans were in souewhat betier zeneral condition than
were conparable 23-gal. cans of items CDl, 3 and 4 from 70°F/57% r.h.
(Tables 3, 5 and 6).

Couparable data were as follows:

_GSA Cans CD1,3.L cans: 70°/57%

mean case dif., can dif. mean can dif.
external corrosion 0.32 .03 029 0,63 + ,31 .20 + .CO
internal corrosion 0.57 .13 o 55 0,70 + ,00 39 % .20
coating defects 0.67 W13 o55 0.70 + ,20 .29 %+ .10
leaking caiis 0 in 12 - - lin 6 lin2

Coating defects of these cans were primarily scratches and scraped
areas from which coatings were missing.

III. The Rations
A. Cereal Itens
III,A.l.a. Breakage of Packaze Seals and lrapping Materials, (Table 7)

Seals Broken., There were still no broken seals in biscuits
CD2 (waxed paper) and CD6 (cellophane; only 1 broken seal, at 24
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menLns ). biscult CU7 (waxed paper) aversged 1.Cak (Latle 7), which
is L.4& Lower than at 12 sonths asd 3.8% lower than at 24 menths,
Wafers Co9 and CLIC (waxed glassine) had 0,.43% more Lroken seals
Lhan at L2-18 menthis, J,14% wore than al 24 senths, but the CDLO
nean of 1.3k at 36 wenths 1s the highest percentage of major seal
vreaks ouserved in these items, The other five items, biscuit C4
ard the four cracivers (all in waxed glassine), averaged 13,2 + 9.2%
at 30 menths, as comparcd te y¥,0 ¢ 6,85 ot 24 moulhs ard 5.3 & 4L.4%
at 18 months, 1lhree of these have increasca at each examination
period (CLL was high at 18 menths, CD5 unustilly lew at 36 months),
and the general averages "opr broken glassine seals atl 12-3€ menths
were 0422, 3498, 6,65, and 9Y,09%, respectively. 1hus the tendency
for wncreased lecosening of glassine Scals with prolenged slorage
jgeems relatively well establishea,

although the largest individual percentages of bLreken seals
have been olserved from 70°F/80% r.h., follcwed by the 0°/amb, and
160¢/57% cenditions, the gesneral temperature effect, if any, remains
uncertain, The time eflecl has applied to each room, with the
singie excepticn that the (0°/8C% mean was G,41% higher at 24 than
al 36 nonths,

Fackapres Torne There have been no torn pacnages in biscuit
Cul; although all units are packed on edge, ths waxed paper has held.
The other item in waxed paper, biscuit CL7 with only one=-third of
the units packed on edge, has averaged 6,2% torn packages (high
11.5% at 24 ucnths), ceing excecedod cnly Ly biscuit Coé (Lhin
cellophane, 86f% of the unils on cdge), which averaged 16.1%, with a
high of 35.1% at 24 mcaths, arong the glassine-wrapped items, no can
of walers has exceeded 1.6% torn packages and the 36 months wafer
averages of 0,53 and 0,265 (Table 7) are the highest observed; these
items are closely packed and have rouaded corners, although §7% of the
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units are pacled on cdge.
biscuil CLi (23i-gal. can, unils all oa edge) had 7.8% tearing at

50 aenths, 5.4% for the last Lhree examinations; cracker CDL (small
can, 0% on cdge) had 7.2% at 36 wonths tul only 3.1%® for 16-36 monlhs,
as compared to 4,28 for Cl8 (5-gal. caa, one~lhird of packages on
edge); CD3 (omall can, all on edge) ard CL5 (large can, one-third

on edge) had ,.9 and O,7% at 36 months, 2,8 and 1.8% for 18-36 months,
Thus the influencaes of can size and of packing the unils on edge
insiead of flal were not clcarly defined by overall percentages,
although nest of Lhe torn pachages were, in fact, those resling on

the sharp edges of the unils,

The Liwe effect was [airly well established, means for COl and
Cu3~8 at 12, 18, 24 and 36 months being 1.7 + 2,1%, 2.8 & 2.4%,
Yo, £ 11.1% and 6,6 + Lo, respectively, High mean values for
CJ5, 6 and 7 occurred at 2, wonths, ail others (except CD2, o Learing)
were al € months,
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A temperature effect was suggested in that torn packages generally
averaged lowest from 4O°F and next lowest from 1CO¢ (65% of all observations),
these being 2.86% for L0° and 4.09% for 100° as ccmpared to 8.88% for
70¢ and 0° at 24-36 months, excluding CD2, Teuperature results were
relatively variavle, however, so the relationship remains somewhat
uncertain,

Total Pachages Broken. Total breakage was the sum of broxen
seals and torh wrappers in CD5, 6, 7 and 10 (with none in CD2). 'The
other five items had "overlap" (packages both unsealed and torn)
ranging from 0,07% in CD9 to 4,16% in CL8, average 2.40%. Total
oreakage averaged .CO and 5.,50% for waxed papers (CI2 and 7), 15.77%
for cellophane (CR6), 15.87 + 8.,72% for the four cracker items and
biscuit CD4 in waxed glassine, and 1.33 x ,27% for the wafers in
glassine, Values were less than half those at 24 months for the
CD7 waxed paper and CL6 cellophane, but somewhat more than the
12-18 months percentages of broken packages in these items. Breakage
of the glassine wraps has increased rore or less steadily, previous
averages being 0,56, 6.55 and 11,725 at 12, 18, 24 months for the crackers
and biscuit CD4, and 0.68 and 1.06x at 12-18 and 24 months for the wafers.
Thus there is apparently a time eflect on the glassine,

The temperature effect on tctal packages broken has remained
too variaple for determining delinite trends for the three years of
storage.

III.A.l.b, Breakage of Prcducts., (Table 3)

Sgeoaraticor of Scere Lines, CSreaking apart zt score lines was
apparently not associated with whether units werz baked 2 or 4 per
layer, cr whether packages werc stacked in cans with layers lying
Ilat or standing on edge. There Was generally mere breaking apart
of cirachers than of bpiscuits (see Table ),

An association of vreaking with vaking characteristics was
suggested; crackers CDL and CD5 were moderately hard, dark-baked
items, hence orittle, and most of the 2-unit layers of CDL were also
siightly concave, causing them Lo separale with pressure strong enough
+o ilatten out the layers, Crackers CL3 and CD8 and biscuiis CD2
and CD7 were rr “srately baked, and all except CL2 are relatively
brittle in lexture, cut CDB8 has higher moisiure, hence is apparently

L less brittle, Biscuit CI2 had tougher texture, and CL7 had lower
” moisture, causing CL7 to be more brittle, Biscuit CL6 was baked
dark and was the hardest and toughest of all the crackers and biscuits--
apparently tco tough to break apart easily. Biscuit CD4, however,
was the lightest-caked and most tender cf all the cereal items, so
its relatively low percentage of breaking apart seems not to [it
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into the pattern, until it is noted that this item had the third
highest percentages of mcderately and severely broken units--
apparently Lhe score lines were less easily broken than were the
very light-taked units,

There was no generally significant relation of score-line
breakage to storage temperature, aithough significant ranges were
found in crackers CD5 and CD8 and biscuit Cbi., The only definite
time difference was in cracker CDl, which averaged 9,52 + .32% higher
at 24-36 months than at 12-18 months; the other seven items averaged
0,24 % L.87» less at 36 wenths than at previous examinations.

Chipped or crumbled edges of wafers averaged ca 35 + 4% for
the lighter wafer (CD9) and 3916 lor the darker (CD10), as
compared to previous averages of 35 % 16% for CD9 and 55 + 21%
for CD1O. These counts, not included in Table 8, have shown no
relationship with anything except can variation, and since the
slight crumbling of edges is more irritating than serious,
determination of this defect is being discontinued,

Moderate Breakage of Units. Mean breaking of cracker units
averaged 16.46 + ,24% for CDL and CL3 (dark bake, fracture ca 1400 g)
and 13.50 * .45% for CD3 and CL8 (baking moderate, fracture ca
1150 g). Biscuit CDL (very ligit, fracture ca 11CO g) averaged
15,07%; the harder and tougher biscuits CD2 and CLZ4 had only 2.32 ¢
40%, while CD7, which had less moisture and more trittleness,
averaged 4.82%., DBreakage of walers was very low, averaging only
0,30 + ,06% of the units.

Temperature differences exhibited no consistent pattern, nor
was there a consistent time effect. TFour items had more breakage
at 24-36 months than at 12-18 months, however; these incresses
were 11,11 + 1.73% to 15,20 + 2,16 for cracker CD3, 1,66 + ,03%
to 2415 + .22% for biscuit CD2, 12.20 4,935 to 15,05 % ,02% for
biscuit CD4, aad 0,12 + ,02% to 0.32 * .08, for wafer CD9, Two
items decreased at 24-36 months, from 6.22 % ,44% to L.84 *+ ,03%
for biscuit CD7 and 0,53 *+ ,097 to 0,30 + .06% for wafer CD1O,

Crushed_Units., A4s .y be seen in Table 8, percentages of
crushed or seriously broken units followed the general pattern
of score line and mcderate unit breakage--crackers and biscult CDL
had most of the crushed units, There has been no consistent
relationship of crushed units with storage temperatures nor with
storage time, with the exception that cracker CDl averaged 1,10 =
17% at 12-18 wmonths and 0,32 & .O4p at 24-36 months,

ihile resulls have been given in terms ol percentages of all
units in all cans, only ca 524 of Lhe cracker cans, 27% of biscuit
cans, and 3% of wafer cans examined from 12-36 months have had
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¢rushed units, In these cans only, extent cf crushing averaged

1,66 % 1,96/ for crackers, (C5, 8lj of cans averaging 1,8U%: CD3

and CD8, 45% of cans averaging l.4ll; COl, 355 ol cans averaging

1.99%), 1.0L & 1,02% for viscuits (8. averaging 0,19 in CL2,

25% averaging 1.Y8% in CD/, 31lx averaging L.07x in CI6, ikp averaging
', 0.57% in CD7), ard 6.03 % 3.724 for walers (ncne in CL9, 65 of cans

in CD10). There was again no consistent asscrciglion with ifeosperatuve

or time of storage.

Total Frecduct Breakaze, The votal breakage shown in Table 8
is the sum of score line and unit vreakage for CL2, 3, 5, 6 and 7,
and is merely wnit breakage for wafers C.9 and CvlO. TFor Cl1,
ana 8, only half the score-line vreakage is included as total,
because these are vaked in 2-unit layers and thus have only half
as many score lines as units.

Results again suggest the influence of item characteristics as
discussed above, Crackers Col, 3 and 5 averaged 31.33 % 1,56%,
while cracker CL8 (higher moisiure), biscuit G4 (light bake but
relatively fragile) and oiscuit CiU7 {lower moisture ard more
brittleness) averaged 16,93 + 2,154, Biscuits C.2 and CL6, with
higher fracture strength, averaged 6,10 * 1.187, and the compactly-
packed wafers had only C.30 + ,06% breakage. Temperature differences
were non-significant, and while ca 2/35 of the higher percentages
of breaixage were found at the last two examinations, the time
effect is far from definite. Crackers and biscuits averaged 18,65%
at 12-18 months, 21.52% at 24 months, 19,624 at 36 mwonths; wafers
averaged 0,324, 1,08%, and 0.305 at these respective periods.

IIT,4.1.a-b.1, Package and Froduct Breakaze in Jiscuits from General
Services Jarehouse, (Tables 7 and 8)

The G3a biscuits, averaging L4k units per 25-gal. can, were
packed in waxed jlassine, 2 units per layer, average 13, 1.4, and
13 X 15 layers in the 15 packages per can, Packages were arranged
in 5 tiers of J rac.ages each, the tiers alternating with respect
to units resting flat cr on edze; l.e., LO to €0% of the units were
paciied flat (or on edse). TIhus the can, and the layesr and package
arrangement were similar tc cracker (Dl and biscuit Culk, the
wrapper and general pacuing were coigaratle to items CUY, 3, 4, 5 and 8,

Seal breaks averaged 3,52 v 5,78, (13.35 ir 3 cans, none in
Y 9 cans), compared o 1C.,33 % 9.5L 1n the cracker and biscuit
glassine wrag.crs stered atl 7G°F/ 75 r. l. ‘rern packages, however,
aVclabed 1778 %= 32,98 (range 0-1C0,) as camcared to 6,00 + 8, Cor
in the CD Jackages, s5¢ itctal unsealed raciiages averaged 43.89 %
52,935 (2/3 of yackages wilh Lrclien seals were alse torn) in ihe
G LI.LbbUJ.LO, ..L).O{ X+ 12,570 1 CCin, aivacle CL 1tems.
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The GSA biscuits resembled cracker CDL and bascuit CD6 in
color, being darker than the other biscuits and than crackers CD3
and CD8, but not as dark as cracker CD5. TFracture strength was
similar to that of crackers CDL and CD5, lower than biscuits CD2
and CC6 but iagher than biscuits CDL and CD¢ and crackers CD3 and
CD8, Moisture content was ca 0.7% lower than that of cracker CD5,
0,9-1.7% below the CD biscuits, and 1.5-2.0% below the other CD
crackevs, so the GSA product was relatively hard but also quite
brittle,

Score line breskage averaged 23.69 + 20,39% for the GSA biscuits,
nearly as much as the ca 25.4% of cracker CDL but considerably
above the other crackers (12.53 + 4.18%) and the CD biscuits
(5,48 + 3.28%), moderate unit breakage was 12,46 + 7.16%, also
above the 5,23 & 3.43% of the CD biscuits and the ca 10,7% of cracker
CD5, but below the 16.17 % 2.54% of the other CD crackers, Crushed
GSA biscuits averaged 7.56 + 11.26% (6 cans had none, others
ranged 1,8-35,1%), much higher than the 0,50 % ,22% of the CD
crackers and biscuit CD7 (CD2, 4, 6 had none at 70°F), Total
breakage of the GSA biscuits was 31,87 + 25.,26%, similar to that
of cracker CDL and velow the ca 38% ol cracker CD3, but higher
than the 19.35 ¢ 1,85 of crackers CI'5 and 8 and much higher than
the 10,50 + 4,61% breakage in the CD biscuits.,

It amay be noted in Table 8 that differences between the two
cases of the SA biscuits were larger than differences among the
six cans per case; one case had apparently been handled more roughly
than the other,

IIl.A.2,a, Sensory sScores for Appearance and Color, (Table 9)

Appearance and color scores have varied, but there has been
very little overall change in sterage ieans--the 10-item mean of
7.32 at 36 months is almost the same as the initial mean of 7,34,
Items CDI, 3, 6, 8, 10 were scored lower initially (6.76 £ ,23);
at 36 months, these averaged 0,50 * ,38 above initial and only
0.11 # .15 below the highest scores received in storage, Items
Ccb2, 4, 5, 7, 9 averaged 7,91 % ,31 on initial scores; at 36 .onths
the average was 0,5, + .26 below initial and 0.206 £ .22 below the
highest storage scores, Thus, since initial means of the two
groups differed by 1,15 and the current group difference is only
O.11l, with general .ean the same as initial, the only general time
elfect seems to be an equalization of scere levels used by the
Judges for the various itens,

Teuperature changes have been souewhat more definite, in
response to a general tendency for fadirg (and in wafers an eventual
slight browning) of samples at 1CO“F and, in soue instances, a
perceptivle dulling of 40°F samples, Host of the judges considered
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- the fading at 1C0° an luprovement at 6 .onths, with the result that
average scoves were 7,42 at 1C0°, 7,31 at 70°, 7.20 at 40°, and 7.26
at 0¢ for that exaumination, As fading and slight glazing became .aore
pronounced, the 100° scores were reduced; averages for 12-36 wonths
were 7,05 at 100°, 7.15 at 70°, 7,13 at 4O°, and 7,20 at C°. Even
after 36 months, however, the 1C0° samples of cracker CDL and biscuit
CD6, voth darker items, were scored higher than were those from 0°,
and the 40° and O° samples of the light biscuit CD4, were ternmed
"duller" than those from 70° and 10C°,

11I,A.2,bs Hunter Color Values, (Table 10)

Hunter L Values. The general fading and glazing effects of higher
temperatures are seen in the higher L values of Table 10, This
temperature effect has been relatively consistent over the three years
of storage, nmean increases per exaninalion period fron initial to
1 36 months being 1,11 + ,71 for crackers and biscuits ard 0,68 % ,68
: for wafers at 100°F, 0,86 + ,2C for all prcducts at 70°, and 0,51 %

+60 for all products at 40° and 0°, Periods of greatest increase

ranged from 6-12 wonths for crackers and biscuits at 70° and wafers

at 0° to 24-36 months for wafers al 70°, wost of the maximun increases
coraing at 12-18 wonths, Highest values were observed at 24 months in
crackers CD5 and CD8, biscuit CD7 and wafer CI39; all other items reached
highest mean values at 36 wonths.

The smaller increase in mean L value for walers at 1CO° apparently
resulted fron a tendeincy for some sauples to darken slightly with
prolonged storage, but variability within sawples of the wafers
prevents a definite conclusion at this period. The average extent
of fading or glazing was greaber for the darkher wafer (CDi0, average
3.92) than for the lighter (CD9, average 3.30), and for the darkest
biscuit (CD6, average 5,28) than for the lightest (CDi, average 3.67).
This did not apply unifornly to the other biscuits or to the crackers,
however, as these six items averaged 4,39 ¢ .49 withoul relationship
to lightness of darkenss of baking.

Hunter "a'' Values, With the exception that cracker CD5, the
“reddest! of all the cereal items, tended to decrease less in "a'
or redness at higher temperatures and increase .iore at lower
temperatures than did other items, the degree of baking was apparently
not assocliated with either fading or increasing of the red color
coiponent, Temperature differences were fairly definite at 100¢
‘ and 70°FF, less sc at 40° and 0°,

The extent of fading of “a', and scuething of the relationship
of fading to "glazing", which apparertly was the main factor in
increasing ithe L values as noted above, may be estimated as follows:
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At 1C0°F, crackers and biscuits stored three years averaged
0,84 4 .48 bDelow initial; mini.um values for these products averaged
1.27 + .30 below initial, al periods averaging 1l t 5 months lor
cracker CD5 and biscuits CLj;, 6 and 7 and 33 <+ 6 nmonths for crackers
CDl, 3, 8 and biscuit CD2, Wwafer CD9 was above initial at svery
examination, average increase being 0,54, with lowest values at 12
and 18 uonths. Wafer CD10 averaged 0,20 below initial at 36 months,
lowest values at 24 and 36 .onths., Thus it appears that items CD5;
CD4, 6, 7; and CL9 were browning to some extent at 100°, and thal
continued increases in L values through 24 months for CD5, 7, 9 and
36 months for CD4, 6 were due al.ost entirely to glazing of the
surfaces.,

st 70°F, the 36-months "a' values for crackers and biscuits
were OJ44 + ,31 below initial, wafers averaged 0,23 i+ .08 below,
Miniwuwn values averaged 0,84 * ,35 below initial, at 30 + 12 menths
for CD1, 3 and 2, 4, 6 but 13 + 7 months for CD5, 8 and CD7. Thus
the latter three items were apparently browning at 70°, with continued
increases in L values due primarily to glazing. The wafers averaged
above initial "a' values for the three year period, but were below
initial at 36 ronths,

Results were variable at 40° ar.. °F, At 40°, cracker CD8 and
biscuits CLR2, 6 and 7 averaged 0.2, . ,09 below initial "a" values
after three years (CD8 and CD7 averaged 0.36 below for all examinations)
but the other crackers and biscuit CDL were 0,53 + .29 above initial,
and the wafers were 0,30 % ,10 above, HMaximu increases of 0,85 + ,05
for wafers and 0.68 + ,16 for crackers and biscuits were attained at
12 + 6 wonths for crackers CD5 and 8 and biscuits €2 and 4 and 24 £ 6
months for otheyp itens, Thus soiie fading with prolonged storage is
suggested for CL8, 2, 6 and 7, and possibly for CD5 and 4, but not for
the other four iteas,

it 0°, cracker CDS was 0,4 below initial and biscuits CD2 and
6 were the sauie as initial after three years; other crackers and
biscuits were 0.48 + ,3/4 abeve, and waximum values for the eight
iteas averaged 0.85 + ,26 increasc, at 13 £ 3 .onths for all except
CD5, iafers averaged 0,20 = ,05 lLucrease at 36 ronths, 1,05 « ,05
waXliiawa increase at 21 %+ 3 wonths, Thus practically all of the
increase in L values at the lower Lemperatures was apparently due to
surlace lglazing", as very little fading ol red can be denLonstrated
except possioly in CD4.

Hunter Ub! Values. In evaluating the results of Hunter Color
readings, it was noted that "b" values for cracker CD3 and biscuil
CD4 were higher than any previocus reading for these items, even thou..

=21~
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sauples for both caue irom the same cases of 2_-gal. cans which had
been sauwpled at 18 and 24 nonths., Investigation revealed a '"b"
wirror on the Hunter instruuent which somelines stuck when standardizing,
suggesting that the CD3 and CD4 readings could ce too high, CD3 by

ca 1.0 and CD4 by ca 2,0, If sc, the general ..can of TablelO would
ve 21,98, which is the same as initial and the wean of 6, 18 and 24
wonths readings, although 12 ronths values averaged 22.34L. Regardless
of whether the CD3 and CD4 readings were incorrect, the general trend
for "b" readings has exnibited ac wajor changes except a tendency
toward slightly higher values at higher tesperatures, This is in
line with the fading noted at 1CC° and 70°F; no significant decreases
in "b"%, such as would be expected wilh serious degrees of browning,
have been observed, although slighl browning has been noted in
various sauples,

Hunter a/b Ratios. As the predciiinant color changes of crackers
and oiscuits have been fading at higher temperatures, a/b ratios have
followed the pattern of changes in "a' or rc«d component; i.e.,
coilsiderable decreases at 1CO°F, lesser decreases at 70¢, slight
increases at LO° and roderate increases at 0°, The lime effect is
indefinite, as the priamary change associated wilh tiie was increased
glazing of surfaces,

GSA biscuit readings are appended to Table 10, The visual
relationships to the color ol other biscuits and crackers were noted
on page 19 (above).

IIT.A.3., Tracture Strength, (Table 11)

There seeis to be very little il any significance in fracture
strenglh variations except awong groups of items, For all sauples
examined, CD3 and 4 averaged 1083z, Cu7 and 8 averaged 1173g, CDl, 5
and 10 averaged 1454g, and CD2, CD6 and CD9 averaged 1637, 1852, and
R2200g, respectively. Initial average was 1,15z, 6-~12 months average
1410g, 18-24 ronths average 14,08g, 36 wmonths average was 1500g; the 1CO°T
and 70°/80% sangles averaged 1447g, 70°/57% and 0¢ sarples l474g,
and the 40°%/57% samsples 1.,97g. Differences as s.uall as thece are of
little practical significance, censidering the wide range among the
ten itens, They have, however, Leen relatively consistent; i.e.,
there has been a recognizable trend fcr one or both of the 100°F
readings to te scuewhat lower than one or toth of the readings on
70° sanples, and for the 40° values Lo ve higher than those from 0°,

As seen in Table 11 and noted above (p,19), the GSi biscuits
were near "average' in fracture strenglh, ca 140Cg,
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IIL.4.heas  Residual Oxygen in Cans, (Table 12)

Due to leaking cun., the oxygen content of can atmospheres of
biscuit CD4 averaged 19.7 ¢ ,7% for the six examinations from initial
to 36 wonths. Other items varied as received, initial averages being
16,8% for wafers, 17.8% for biscuit CD6, 19.5% for crackers CDl and
CD5, and 2n,3% for biscuits CD2 and 7 and crackers CD3 and 8.
Decreases have been generally proportional tc time, temperaturs, and
also to magnitude of initial decrease except in GDl and 3, Values
apparently approached equilibrium lows, however, at ca 18 months for
wafer CD9 and 24 months for other items except CD2 and CD5, which
reached low averages at 36 months.,

Excluding item CuZ, low averages and 36 months averages, respectively,
for Lhe nine sealed items are: 6,2% (av, 23 months) and $,3% from 1CO°F
storage, 12,0% (av. 26 months) and 13.8% from 70°, 15.4% (av. 29 months)
and 15,94 from 40°, and 17,8% (av. 27 months) and 18,5% from 0°, The
occurrence of low values at periods before 36 months in 35 of the 54
samples was apparently due to can variations, including possible
errors in readings, under near-equilibrium conditions. Levels attained
by each item at 36 months are shown in Table 12, The GSA biscuits
were comparable to biscuits CD2 and CD7 at the 70° conditions.

III.AoLeb, Moisture Content. (Table 12)

lMoisture contents apparently vary only by items, as no consistent
assoclation with either temperature or time of storage has been observed,
The correlations of higher moisture with lower fracture strength in
crackers (-.503 at both 24 and 36 months) and with higher fracture
strength in biscuits (+.60Y at 18 xo,, +.545 at 24 mo., +.050 at
36 mo.) were maintained, but no such relationship as was calculated at
18 wonths (+,794) and 2/ months (+.633) was found in the wafers.

as noted above (p.l9), the GSA biscuits had considerably less
noisture (1,12%) than any of Lhe other CD products, which ranged 1.62
to 3.59, average 2.71%.
III.A L.ce Rancidity Values of Fat from Rations, (Table 13)

Paroxide Values, Mean levels of peroxides for 12-36 months of
storage were:

Months 1CO°F 70°F LO°T QO°F

P.V. P.V. P.V. P.V.

12 13.26 3484 1.68 1.41

18-24 1.C8 .50 +20 Al

36 ltS’f 099 035 025
2(‘...1.\)0(; Vi ['. —23—
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Proeducts 1C0° i LCCF o°r

36 nonths PV, oV PV, P.V.

Cl'acl\ul‘s 2.2) 'l' l..LO .86 'l_' .(3_5 .l,? :t ’1’03 '2L ‘-': ol()
biscuits Le655 4+ .87 o5t w20 L1k L1C 26 & 09
wafers W16 L12 15k (15 W27 2,12 25 % ,13

These values correspond very well with sensory ratings lor the
various itews, and are Lypical of "equilivriuw:" conditions such as
have apparenlly been established in mest of Lhe cans, Values [or
c¢rackers and biscuits are higher tisien these at 24 .onths, and with
the relatively static headspace oxycea pattern, ib is probatle that
soume of the peroxidation occurred zf{i¢r the cans were opened for
sapling and fresh air supplies were thus .ade availavle Lo flush
away reaction gases which had accunulated in the scaled spaces.
Wafers, however, had lower valucc than at 24 .onths in the 70°F and
lower conditions, indicating nore advanced stagss of cxidation (beyond
the early or peroxidation phases) Jduring ihe third year and ab least
corresponding to the tendency for Lhe lower-teigerature saiples to
score lower than those fruon 1CC°,

Free falty acids. The relatively shary increase in free [latty
acids at 1CO°F, as ccumpared tec 1C0Y levels at 18 and 24 wonths, furnishes
part of the basis for the suggestion that ilicreases in reroxides in the
higher-telperature sanples may have taken place after the cans were
opened, Free fatty acids tend to inecreasc under cenditions which
retard peroxidation; in active cxidation systeas, free acids usually
decrease, as they are icore readily oxidized than are intact f{ats, Thus
accumulation of .idxtures of various reaction gases and water vapor,
with reduced oxygen lensica in the headspaces, weould be expected to
favor hydrolysis aad depress [urther peroxidalion while the cans
remained sealed.

During the third year, increases in free fatty acids for all
items averaged .0984, ard the 36-ronths average was ,089% abcve the
coubined previous average for all ite..s excepl CB6, which reiained telow
initial, Dy storage conditions, colLpared to crevious high values,
these increases averarvd ,18,% at 1CC°F, ,010 at 70° and 40°, none
at 0°, Thus the inc: ¢ was practlically all at 1C0°; Z-yecar values
al this temperature rusged froi. 160 te ,85Gk, wilh an average of
SLL% as cowpared to initial average of .28Cp.  The wecan differences
betweea 1C0° and the lowe:r tenperalures at each cianivation period
fro.i 6 through 36 nonths were ,C206, ,046, ,057, ,101, and ,221k, It
thus btecormes apparent that nene of the ilens were designed for
srolonged storage at LCC°--even biscuit CL6 was up ca ,Cus, though
averaging ca ,O3a telew wnitial al other condilicns,
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As noted in Table 13, peroxide values of the Goa biscuits were
lower (0.25) than those of the CD biscuits or crackers; free faity
acids (0.26) were higher than those of biscuits CD2 and CD6 and
crackers CDl and CD5, but lower than the other six CD itews, The
GSa preduct was not descrived as rancid or particularly stale by
the score panels,

III,Av5.a. Sensory Scores for Texture, Aroma and Flavor, (Tables 9 & 14)

Texture scores have varied quite a bil for the darker items
such as crackers CDl and CD5, biscuit CC6, and the wafers, as thess
were nore unevenly baked than were the lighter products, There
has been no serious decrease in the scores, but a tendency Loward
extra brittlencss has been noled in samples from higher temperatures,
beginning at 12 morths, Differences between 100°F smaples and those
from 70° increased from .05 at 12 months to ,43 at 36 months (.54 if
wafers are omitted), while products froi. 4,0° and 0° were rated above
100° ssuples by average differences increasing from .24 at 12 months
to 54 (462 withoul wafers) at three years, This trend may be observed
in the texture scoies of Table 9,

The levels to which aror:a and flavor scores have been reduced
by storage at higher tewnperacures is shown in Table 14. These
represent the following decresases from initial or (in items with
low initial scores) previous high scores:

Crackers Biscuits Vafers
. a1°0..:8 flavor arocl.a flavor aroma flavor

100°F 2,50 Hud 2,49 55 2,79 4,66 2,79 41,14 1,08 4,39 ,38 %,05
70°F 071 tlj? q38 'i‘.27 1518 '.!'.'0142 1029 =+ .6[4 1030 'J.'.ZO o73 '.t.20
LO°&O T W14 €29 ,20 4,16 W38 .67 WAL E W44 .68 £,19 ,03 1,26

The greatest decreases in aronra scores were noted at the second
year from both 1C0° and 70° storage. The [lavor of 100° samples also
decreases most during the fourth 6-month peried, but the slight
decreases in flavor from 70° storage were gradual and relatively
variavle, The sualler decreases in waler scores resulted from lower
initial scores and higher 36-months scores than those for crackers
and biscuits; it is seen that wafers from 70° were scorsed ne higher
than those [rom 100° after three years.

The judges on the sensory evaluation ranel considered all of the
100° crackers, and biscuils CD2 and CL7 f{rou 1CO° storage, to be
qefinitely borderline in acceptability at 36 umcnths.,




Ill.n,5,04 Hedenic nalings for arc.a, Flaver and Palatability. (Tatle 15)

At 36 uwonths, sean decreoases (roa previous highs for hedonic
ratings were as follows:

Grackers _ Liscuits vaferg
aroma & arcina & arcina %
flavor palatabilily flaver —_alatacility tlaver  palatability

1C0°F 173 %.24 L18 £4,26 174 %,33 1.31 k.15 W13 4,10 +10 «,0Y
= 70°F 26 .29 W30 $.200 .65 =27 75 &.12 6 E.15 »22 t,13
QOO&OGF 019 ‘4‘015 .28 '.t.l‘) .LS i'oZb 055 isl? -blb ‘-2:.20* -;26 :L‘OC()

#Raitings averaged higher than at any previcus examination.

Reference to Table 15 will show that a few of Lhe cracker
samples from 1CO°F wers at the borderline (4,CC) or. aroia and [lavor,
out all palatabiliiy rabtings were acceplable Ly Lhio criterion, The
periods of greatest chianges in ratirgs averaged 18-24 uwonths fer
crackers and Lbiscuits, 6-18 ronths for wafers at 1CC°F; l2-id .wcnths
for crackers and 18-2. ronths for biscuits and wafers at 70°; and
12-18 menths for crackers ard 24-36 zonths for biscuits and wafers
at 40° and U°, Thess corresgorded relatively well with pericds
following peaks in peroxide values at higher tctperatures or "breaks"
in peroxide levels an AC® and Q0°; 1l,e., with expecled oxidaticn
patterns in the scaled cars,

as seen in Table %, the Goa tiscults scored atout average on
taxture {7.28). On arcma and flavor, hewever, (Table 14); the G3A
producl was ccmparatle to biscuit C.2 bul acove other CD items
oxcept cracker COl on avosa (6.58), and abeve all iters except
piscuil CDO on flavor (6.,80), Hedonic ralings were alse ca.paratively
high; as given in Taitle 15, wrcra rated 6.31, flaver 6,53, palatability
0,57, in each inslance higher than the olher CL items except biscuit
Ci2. In general, the product trom the Gereral cervices warchouse
was in geod conditien after 3, years ol cumon storage,

LIl i 5.¢s Correlativns of ralataovility Ratings with Cther Measurerents,
(Table 16)

when observed as a single sct of values; l.oe, the actual nmeaning
of ithe correlaticns can ve interpreted cnly in relaticn to tine,

,, te.perature, and the various characteristics of the individual itews,
as each additional exacdnalicn cenlritules Lo the evaluatior. »f
tiese relationsnips, the detalled duterpretaticn wili ce discussed
i, the final reporl of tihe current study.

' The correlations sikowr in Tavle 16 are scuewhat “out of context®




In genoeral, Lhe correlalions wilth Hunter Cclor values have
depended on: the fact that the prede.inant cc.or change has teen
fading at bhigher tenjperatures, which have also been associa ted
with reductions ir palatabilily ratings, Thua correlations with
Hunlter "L' and "UL" are generally negative, as these values tend
te increase with fading and surface glazing, while those with Hunter
"g' and a/b are positive, since rad and red/yellow values remain
higher in the non-faded or lowsr-Lle.pirature saiples, [ote,
however, the switech in the "all" biscuit correlations--the panel
merbers, while scoring lighter wilhin-ilem samples down because of
teiperature effect, still tend Lo prefer the lighter items wilhin
product types,

Correlaltion with fracture strength and wolsture content have
varied considerably, there Leing scie suscestion of higher fracture
at lower teusperalures, cut no ccnsistent pallern with moisture
centent, OUxygen content and rancidity values obviously and
expectedly follow temperature and tige eirfects, and agreenont
of sensory quality scores wilh hedenic ratings has increased steadily
in crackers and biscuits, though not in the less Lypical wafers,

8. Cartohydrate supplements

. The hard candy iteis were examined after 18 and 2/ months in
the period covered by this report, and dala in Tables 17-26 include
both examinations, bMosl of the discussion below will emphasize the

' . condition of the precduct after 24 wenths.
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Measureients of internal size and lenglh of ton lips of candy
bags were discontinued arter 12 .onths, Counts of usable bags per
can and measurements and Lesling of bag seaas are being centinued,

The cuamulative nusters of usavle bags through Lhe 24~ireniths
exa.dnations were as follows:

Uswble pauss rercentage of Cung
per can chl vil2 Cins hean
21 3.7 Tl Tk b.2
20 A0, Y £6.5 87,C 8c,.2
19 4.8 1Ll 5.6 ol
18 - 5.6 - 1.9
L4600 (1 ead) i 341 - Y
1L - 3.7 - Lo
none 1.9 1.7 - L2




All cans except those (2) with none had 19 or sore bags; the (8)
cans listed with 17, 16, 15 or 11 useble bags had 3, 4, 5 or 9
bags with only one exlra-wide seau.

Seam widths vary considerably fror the "nornal® i-inch,
Cunulative <ata through 24 umonths wcre as follows:

Seanm k.dth ______FPercentage of Seaus
16ths 1..:4 CDll CD12 D13 Mean
- 09-16 - }05 lol} J-Qé
. og - 1.0 9.1 344
07 1.1 1.6 9.3 L0
B 06 17.5 11.7 10,9 13.3
- 05 - 1.1 - ok
B O/+ 69.0 73 03 6708 7000
03 3.9 3.7 oh 247
02 Te5 N 1.l 3.1
01 1.0 2,0 - 1.0
€O ~ 1.4 - )

Sean test results, by pericds, are given in Table 17. VWhile
the results were extreuely variable, there are suggestions that
nunbers of seams separating, linear extent ol separation, and
Luaber of seams pulling ccupletely apart (CD13 bags only) are all
increasing slightly with time in storage, There appears to have

been no consistent asscclaticn of seam failure with siorage
temperatures or with leaking cans during the first two years of
storage.

III.B.l.b. Condition of Candy. (Table 18)

Total counts ol yellow and red pieces, unsanded pieces, and
off-color and oif-shape pieces were d.scontinued after the first
year, as these are forimulation and packing variables not influenced
Ly storage. Leter.inations of clumped pleces, chipped and broken
;sleces, and of lcose sugar and bits of candy which passed an 8-mesh
screen are given in Taonle 18,

Clunping or pieces stuck together has been sowewhat variadle
in CDLl1, including soite associatlon with lealiirng cans but no
; censistent assccliabion wilh storage cunditions, Pericd means for CDIL
a ranged ca 1.2—2.1475,‘ as coupared to 0.08-0,155 rarge r clumping
i CD12 and 0.24-0,46, in CD13,

Breakage of pleces has alse beea variatle, with no apparent
assoclialio- itk any sterage facteor, Pericdie .eans feor the three
1tens racgca Lod=LeYw, Ses-204.3,., and 5.%5-7.7,. for chipped picces,
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and 0,24-~2.,65%, -0,60-0,25%, and 0,36-3,03% for broken pieces in
excess of chips from the chipped candy., Several cans of CDl2 had
fewer broken bits than the amount required to restore the chipped

pieces to norial weight, indicating chips lost before the candy was
packed in the cans,

Loose_sanding_sugar and bits of candy passing 8-mesh screen
ranged, by pericdic means_ 2,4-3.6% for CD11, 0.,3-0,66% for GD12,
0.36-1,08% for CD13; again there was no apparent association with
any storage variable,

IIl.B.2.a. 3ensory Guality Scores, Appearance and Color. (Table 19)

The general means for appearance-color scores have varied
relatively little, averaging 7.66 + .13 for the four examination
periods, As the candies tended to darken and appear slightly
glazed at higher temperatures, the 100°F and 70°F samples were
consistently scored lower than those from 40°¢ and 0°, but the
reductions of 100° and 70° scores were partially compensated by
increases in scores for the lower teuperatures, Maximum temperature
difierences were 1,50 at 100° after 18 months and 0,48 at 70° after
24 months; mean differences were 0,99 for 1CO° and 0,30 for 70° at
these periods, In general, color and appearance were nolt seriously
alffected by two years of storage even at 100°.

III.B.2.,b., Hunter Color Values, (Table 20 and 21)

The Hunter values foir the lemon or yellow candies exhibited
no consistent pattern of change, as the variations among cans and
cases were quite large (Table 20), Visual inspection of the 100°
and 70°F samples revealed noticeable variations in "darkness" or
dullness among individual pieces, but some of these were also
ovserved in lewon candy from lower temperatures—--the only indication
of a trend was the slightly lower "b" values at 2/, months.

The cherry or red candies were also quite variable (Table 21),
and most cans of CDl1l and CDl2 at 24 months had slightly redder
pieces than at 18 months. There was, hewever, a very moderate
but fairly consistent darkening in the 100°[ sauples of CD12 and
CD13, which as iilusutrated oy the decreases in the "b" or yellow
coumponent of color, In general, color changes in either type of
carbohydrate supplenent have been considerably less than the
differenc=s anong replicate cands.

I11I.B.3. Fracture Strength - Not applicable to candies,

IX1.B.4.a, Residuail Cxygen in Cans - dJot deteriined in candies.
£
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III.B.4.bs Moisture Content. (Table 22)

The mean moisture content for the three supplements when
saapled initially, as average of item means, was 1.40 + ,08%.
Storage means on the same item basis were 1,77 <+ .15 for 6 and
12 months, 1,41 % .19 for 18 and 24 months, As slandard deviations
of rooms within items and of cans within rooms were %+ .18 and
*+ .17 at 6-12 months, ¥ .16 and + ,11 at 18-24 months, the
6-12 months moisture values were definitely higher than initiel
and 18-24 months values; the cause of the increase at 6-12 months
has not been determined,

sl b o

Cnly two apparent differences associated with storage conditions
B have been observed., OCnhe is a general tendency for woisture from

- 0°T samples to be higher than that from other rooms. By items,

: this increase averaged O.24 %+ ,26% for CD1l (2 of 20 comparisons
were higher than 0°), 0,09 + ,09% for CDL2 (3 of 20 comparisons
higher than 0°) and 0.04 % ,09 for CD13 (6 of 20 comparisons higher
than 0°), so the trend was not absolutely definite., The second
difference was an apparent reduction of moisture in the 100°F
samples of CD12, This reduction averaged 0,14 * ,05 (1CO° samples
lower in 30 of 32 couparisons), so was relatively definite, but did
not apply to items CD1l or CDL3,

The only other difference observed in moisture was between
yeliow and red types in item CD13, Of 52 cans examined in this
item, yellow averaged 0,38 + .17 higher than red in 36 cans, red
0,17 * .09 higher in 16 cans., Thus most of CD13 red was apparently
less hygroscopic than the yellow, possibly as a result of slightly
higher end-point temperature in cooking the red candy.

ITI.,B.4.ce Rancidity Values - Not applicable to candies.
I1I,B.4ed, pH Values. (Table 22)

As with moisture, pH values were also higher at 6-12 wmonths
than the initial and 18-2/ months values, and again the cause of
the first-year increase has not been determined, although a neter
error was suspected, Data in Table 22, as room averages and can
differences, show that there were two cases, or four cans, of
CD11 with pH averaging 0,71 * ,04 lower than the other eight cans

il of this item at 24 .onths, Using the "normal" average of 6.48 for
’ these low cans, periodic mean pH values, by iteinrs, were 6,67 + ,09
for initial, 6,94 + ,09 at 6-12 nonths, 6,70 ¢ ,10 at 18 .xonths,
and 6,56 & ,08 at 24 months.,
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As determined, CD13 averaged 0.25 + ,15 higher than CDll and
0,08 + ,06 higher than D12, Samples from Q°F averaged 0,22 #+ .2/
(16 of 20 comparisons) higher than other samples in GDll, 0,08 %

.08 (18 of 20 comparisons) higher in CD12, and 0.06 %+ ,08 (14 of

20 comparisons) higher in CD13, the differences being largely in
lower 100° values (0.15 < ,14) with the exception of the low values
in CDLL (7Q°/57% and 40°/57%) at 24 wonths., The only color-connected
pH difference was in CD12, in which the yellow candy averaged 0,18
.12 higner than the red in 34 of the 52 cans which have been examined
(the other 18 cans averaging 0,04 % ,O4 higher red).

Correlations of pH with moisture were -+,73% for yellow candies
and +.722 for red candies (although CD13 red had a negative correlation).
These include the highest or second highest positive corrslations
during the two years of storage for CD11l and CD12, but CD13 yellow
has been quite variable and CD13 red has changed more or less
progressively from +,426 at 6 months to -,633 at 24 months, This
negativity resulted from higher pH with lower moisture; the reverse,
or lower pH with higher woisture, which would be expected to result
in hydrolysis of sucrose, has not been observed to any serious
extent except in the low-pH cans of CD1ll at 24 months,

IiI.B.4.e. Sugar Contents. (Table 23)

As with most of the other values determined in the candies,
sugar contents were characterized mainly by their variability, which
was greater at 2, wmonths than at other periods in all parameters
except dextrose in CDI2. There was no defi.ite temperature pattern,
although dextrose in samples of CD1l from 100°/80% was somewhat
higher at 18 and 24 nmonths. An ap_.arent time change, involving higher
dextrose and lower sucrose in CD1l and CD13 at 18 and 24 months,
resulted largely from the occurrence of certain "odd" sauiples,
particularly in CD11l,

Examples of the "odd! sanples were as follows: at 18 months,
both cans of CDI1 from 100°/80% were low in Hunter L, and in "b"
for yellow candy only, and more positive in Hunter Ya! and a/b
(1.e., the yellow candies had less green and the red candies
more red); pH was normal, .oisture low, yet dextrose was high and
voth sucrose and total sugar low in candies of both colors, This
could have been a temperature or a formulation effect, At 24 months,
both cans of CDl1 from 100°/80% were also high in dextrose and low
in sucrose, out all other parameters were normal. Also at 2L nonths,
candies CD13 from 40°/57% were high in dextrose and low in voth sucrose
and total sugar, with everything else within normal ranges. Finally,
Lhe '"oddesl" sauples encountered were all four cans and both tynes
of candies (lemon and cherry) of CD1l frou 70°/57% ard LO°/57% at 21
aonthse,  These had normal color, but were unusually high in dextrose
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and low in sucrose and total sugar (Table 23), and also unusually
low in pH and woisture, The "ofi-norral" sugars could have resulted
frou hydrolysis at the unusually low pH, but formulation variations
seeul a strong probability in all of the 'cdd" sauples.

In view of the fact that hydrelysis ol sugars should be associated
with low pH and high woisture (as well as with high te.peratures,
which apparently had no consistent influence), correlations of pH
with wcisture and of both values with the various sugar .icasurenients
were investigated, is noted above in the comments on pil, there were
no significant cowbinations of low pH with high moisture; all candies
had correlations of high pH with high moisture except CD13 red, which
had high pH with low woisture, Thus pH-moisture relationships were
not such as would be expected to stinulate hydrolysis of sugars.,

Relationships of pH and moisture, considered separately, with
sugar values were as follows: Lower rH was significantly correlated
with higher dextrose, lower sucrose, and higher dextrose/suciose
ratios within the three itews, wostly CDll, iliminating the eight
low-pH samples and sub-samples of CD1l, however, reversed the trend
to an extent sufficient to afford a by-iteiis correlation of higher
pH with higher dextrose and lower sucrose, This tends to confirm the
assuaption that Yodd" samples rather than trends were chiefly
characteristic of the sugar values,

With respect to woisture, the correlation of low moisture with
high dextrose and low sucrose and total sugar was due largely to
Chil ¥edd¥ samples; ecliminating these again reversed the trend (to
higher roisture with hizher dextrose and lower sucrose) in a few
instances, but largely eliwinaled significant correlations of any
type. Thus there seeus Lo have bteen no consistent association of
pH or moisture values with sugar values, except in some of the off-
formula sauples, in the [irsl two years ol storage.

III.B.5.a. JSensory Sceres for Texture, dArona and Flavor. (Tables 19 and 24)

while three texture 'defects" have been noted with sufficient
frequency to assuw.e thelr reality, none ol the texture scores
(Table 19) have cxhibited any ccnsistent association with storage
ti.e or tewperature, OCverall averages are 7.69 for CD11, 7.80 for
CDi2 and CD13, The "defects" noted were a few pieces (rostly at
6 and 12 wonths in high te peratures) which ce~ued to have a less-
hard surface shell, various sa.ples in which candies seemed excessively
brittle (agair. mestly at higher temperatures), and scrme cans in which
the candies seeuned excessively '"tough', these nostly al lower
teaperatures. Hone of Lhese has occurred with sufficient censistency
Lor stalistical significance at asy conditicn of storage.

anas b . —)2_



Both aroma and flavor xores decreased with storage at 1C0° and
70°F (Table 2i), For aroma, initial average by items was 7.57 % .19;
the 18-2/ months average at 40 and O°F was 7.51 £ .10, or essentially
no decrease., Scores for arousa of 70° samples averaged 0,29 & .23
below 40°~0° scores at 6-18 nonths, 0.53 + .28 below at 2/ months.

The arouna scores for 1C0° sanples were 0.75 & .36 below 40°-0° scores
at 6-18 months and 0,93 % .07 below at 2/, rnonthe. Decreases were
ascribed to loss of typical arona and eventual development of off

or "terpene" aroma, particularly at 1CO°F,

The initial average for flavor, 7,70 + .27, was almost the same
as the 18-24 months f{lavor average of 7.72 + ,30 for 40°-0° samples.
Scores for 70° samples averaged lower than those for 40°-0° samples by
0.30 + ,30 at 6-18 months and 0,32 + ,21 at 24 months; i.e., the 70°
saiples averaged lower than initial, but changed very little in flavor
from 6 to 24 wonths, Sauples froii 10G° averaged below 40°-0° sanples
by 0,78 + .29 at 6-18 wonths and 0.88 + ,19 at 24 months, indicating
a moderate time effect. Flavor was scored down largely from "flathess',
with slight "terpene" off flavor during the second year ¢ .torage
at 100°F, '

III.B.5.,b. Hedonic Ratings for Aroma, Flavor and Palatability. (Table 25)

The hedonic panels. rated practically no difference hstween
flavor and palatability (as seen in Table 25), so the hedonic ratings
WMy be evaluated as aroma and [lavor-palatability. Initial averages
by items were 6.8¢ % ,12 for aroma and 7,57 + .21 for flavor and
palatability.

The 40°-0°F" average rating for aruma, by items, at 18-2/ months
was 6,78 % 17, or only slightly less than initial. Compared to the
L0°-0° patings, arowa lor 70° sa..ples averaged 0,04 + ,07 less at
6~18 months and 0,19 + .0l less al 2/, wonths; aroma for 100° candies
averaged 0,21 ¥ ,17 lese than 40°~0° candies at 6-18 months, 0,54 %
.21 less at 24 nonihs.

Flavor and palalability averaged 0.98 % .14 from 4,0°~0°F at
18-24 moenths, The samples frou 70° averaged the same (%,09) as the
40°=0° saiples at 6-18 months, 0,15 + ,05 less at 2/ months. Candies
froil 100° were rated O.l4 * .23 below 40°-0° candies at 6-18 months,
043 + ,17 below at 24 months, Thus the greatest change in flavor
and palatability ratings was the drop frca initial; apparently the
inovelty" wore off with repeated scoring of this product and the
ratings dropped rore for this reason Lhan for the slight off flavors
which were noted in 100°F saiples.

TN -3 3=
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ITI,B.5.¢c, Correlations of Palatability Ratings With Other Measurements.
(Table 26)

The correlations given in Table 24 are for the 24-months
exandnations, as correlations before this period were practically
meaningless, As seen from the present coefficients, there is still
relatively little significant relationship between palatability and
other measurements except the sensory quality scores. In other
words, the temperature dilfferences have become definite enough on
aroma and flavor for the examining panel and the hedonic panel to
agree, bt least on CD1l and CD12, to a significant extent.

“ll\\i‘,‘.\m

The only other significant correlations are with Hunter L on
: red candies in general and a/b on red CDL2, and with iwoisture content
& - of CDL2., The panel preferred the lighter or more glossy CD12 over
. the darker or duller CD13 and CDll, The preference for higher-
molsture samples of CD12 apparently resulted from the fact that the
70°F and lower candies of this item happened to average 0,32 + ,02%
higher in moisture than did the 100° samples,

In general, the candies have changed relatively little with
storage, so the predonminant lack of correlations with palatability
ratings is nol surprising.
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